Abstract: Taxus baccata L. has a scattered distribution and the decline of yew woodlands is observed across the entire species range. Passively protected populations in the central and northern part of their distribution are declining without human intervention. However, the establishment of new yew populations is observed in habitats that have been significantly transformed by humans. The following question need to be answered: why do yews find better in environmental conditions that have been strongly modified by humans compared to natural systems? The Quaternary history might be the key to understand the current yew situation. As suggested by palaeobotanical studies, pollen of T. baccata was observed at optima of the interglacials, but in subsequent periods, it has been displaced by that of other shade-tolerant species. Pollen diagrams indicate that after the last glaciation, the yew did not appear earlier than other shade-tolerant species and did not have the opportunity to become common in occurrence, as in previous interglacial periods. As a result, yews occur only as relict populations within environmental islands where the competition with other shade-tolerant species is low. The negative human impact on yew is well-documented, but limitations resulting from the biology of this species are also very important. T. baccata is a species whose current scattered distribution may explain the Quaternary history. Yew situation is better in artificial conditions because people reduce competition from other trees species and deer pressure. Possible positive impact of human on yew distribution in the past is also discussed. The current biological condition of this species suggests the need for active protection.
Introduction
The English yew (Taxus baccata L.) is a rare woody species across the whole range of its natural distribution (Schirone et al., 2010; Sharma et al., 2014; Svenning & Magärd, 1999; Thomas & Polwart, 2003; Katsavou & Ganatsas, 2012; Vessella et al., 2013; . Therefore, certain woodland communities containing T. baccata have received priority habitat status (EU Habitat Directive 92/43/EEC). Two worrying phenomena have been observed within the yew populations, namely, decreasing populations and a lack of natural regeneration (e.g. Linares, 2013; Ruprecht et al., 2010) . Populations passively protected in the central and northern range of its distribution are declining without human intervention (Dhar et al., 2008; Iszkuło et al., 2012; Ruprecht et al., 2010) . However, the establishment of a new yew populations, of which arising is strictly related with the habitats significantly altered by human activity, has been recently reported. Cultivation yew in gardens is a considerable source of seeds that are spread by birds into an adjacent forest areas (Król, 1986; Seidling, 1998; Bornkamm, 2007) or parks (Tumiłowicz, 1965; Iszkuło & Boratyński, 2005) where it forms secondary populations. Such populations were reported in Germany (Seidling, 1995; 1998) and Poland (Tumiłowicz, 1965; Król, 1986; Iszkuło & Boratyński, 2005) . In contrast to the natural conditions, these secondary populations perform very dynamically and often consist with several thousands of individuals (Seidling, 1998; Giertych, 2000; Król, 1986) .
The question raised is why yew has performed considerably better in habitats that have been modified by humans in comparison to the natural systems. In our opinion, historical population dynamics revealed with palaeoecological approach may help to understand the current dynamics of yew populations. Palaeobotany and palaeoecology are often underrated source of knowledge about changes of plants composition in the past (Hampe & Jump, 2011; Beaulieu et al., 2001; Dering et al., 2012) . This knowledge can be very valuable not only in the context of the current situation of yew but also in the context of predicting possible future response of species to global climatic changes, especially that T. baccata seems to be highly vulnerable to the negative effects of global warming (Thomas & Garcia-Marti, 2015) . This knowledge is very important in terms of appropriate strategies for the management and conservation of the genetic resources of this endangered species.
Yew declining is observed in southern and northern latitudes but it seems that different factors may be involved in those parts of the species range leading to observed declining. In the southern part water availability is the main limiting factor, whereas in the northern part light availability, frost and herbivory may play the major roles (Linares, 2013) . The reasons for such poor yew condition in the northern part of its range have not been analyzed in detail, so far. We analyze this phenomenon in the context of the history of this species in the Quaternary which may give us a significant insight into the current population dynamics. In our considerations we examine not only negative but also the possible positive effects of human on the species population dynamics. We stated the hypothesis: 1) yew has weak competitive ability and current scattered distribution in northern and central Europe is explained by adverse climatic and demographic conditions in the Holocene; 2) in northern and central Europe T. baccata remains only on environmental islands where other shade-tolerant species are not present; 3) human had not only negative but also positive impact on yew distribution.
Taxus baccata declining in north and central Europe
It was commonly assumed that human pressure is the most important causal factor of reduction of the natural yew populations across Europe (Svenning & Magärd, 1999; Thomas & Polwart, 2003) . This problem is well-documented in the case of many yew populations (e.g. Czartoryski, 1978; Iszkuło, 2001; Thomas & Polwart, 2003) , but limitations resulting from the biology of the species are also very important. Influence of climate, deer, dioecy, and excessive shading were the subject of many studies (e.g Thomas & Polwart, 2003; Farris & Filigheddu 2008; Iszkulo et al., 2009; Linares, 2013; Garbarino et al., 2015) . Temperature is the primary determinant of northern and eastern limits of T. baccata range (Thomas & Polwart, 2003; Mayol et al., 2015) . Yew individuals that are not effectively protected against deer have no chance of survival (Mysterud & Østbye, 2004; Perrin et al., 2006; Dhar et al., 2008; Iszkuło et al., 2014) . The negative effect of excessive shading is observed in many studies, as well (Devaney et al., 2014; Devaney et al., 2015; Dhar et al., 2008; Iszkuło, 2010; Iszkuło et al., 2007; Perrin & Mitchell, 2013) . This is due to the weak competitive ability, which seems to be crucial in the context of the current yew situation (Iszkuło et al., 2012) . T. baccata is characterised by a lower growth rate and potential height (the maximum height of a yew tree is generally several meters) than other shade-tolerant tree species (Thomas & Polwart, 2003) . Therefore, it is outcompeted by Abies, Fagus and Picea. This phenomenon has been confirmed in field studies conducted in the Knyazhdvir Reserve in Ukraine, where T. baccata primarily competes with Abies alba. Results indicated a competitive advantage of fir trees over yew trees (Iszkuło et al., 2012) . Competitive interactions are also very important during the regeneration phase. Devaney et al. (2014) in survey of the regeneration pattern in a natural yew population showed that intra-species competition weakens the chances for seedling to be established.
The Quaternary history of Taxus baccata
To understand which natural factors affect yew distribution, it is necessary to examine the Quaternary history of T. baccata. One of the hypotheses aiming to explain the current scattered distribution of T. baccata considers generally unfavourable climatic conditions in the Holocene, compared to those of previous interglacials, especially the Eemian and Mazovian (Holsteinian), (Tobolski 2002; Uzquiano et al., 2015) . However, the species abundance was different across its European range in the interglacials (Averdieck, 1971; Beaulieu et al., 2001; Krupiński et al., 2004; Kozáková et al., 2011) and, for example, on the present Polish territory in the Eemian yew was probably not a very common taxon (Noryśkiewicz et al., unpublished data) . The distribution and abundance of yew in the Holocene was similar to that in the older Ferdynandovian and Podlasian (Augustovian) interglacials, which both are included into the Cromerian complex (Lindner et al., 2013) . Although yew was noted in pollen diagrams from that interglacials, it was not an important component of the woody vegetation at that time. During the Mazovian (Holsteinian) interglacial, the proportion of T. baccata pollen locally exceeded 60% (Nita, 2009 ), whereas it is observed at very low frequencies in Holocene pollen diagrams (Krupiński et al., 2004) . The abundance of yews was greater in the French Alps in the Atlantic period of the Holocene, but in Germany, yew pollen values do not exceed 1% (Krupiński et al., 2004) . This was supported by genetic study, because the effective population size was reduced to 1% in the past, starting 2,000-3,000 generations ago (100,000-300,000 BP) and continuing up to the present in the Iberian Peninsula (Burgarella et al., 2012) . According to Tobolski (2002) , the Holocene climatic conditions were never optimal for T. baccata, and its colonisation and long-term survival in the current period is attributed to specific local conditions, which have created ecological islands. An analysis of yew Holocene dynamics in the Iberian Peninsula led Uzquiano et al. (2015) to the same conclusions concerning the role of climatic conditions in the Holocene dynamics of the English yew.
A closer examination of the Quaternary history of T. baccata and the dynamics of vegetation changes suggests that the fate of the species in Holocene may be due to its weak competitive ability. The optimum occurrence of yew in some interglacials coincided with the absence of other shade-tolerant species (e.g. Averdieck, 1971; Beaulieu et al., 2001; Krupiński et al., 2004; Kozáková et al., 2011) . Once other shade-tolerant species such as Fagus, Abies, Picea or Carpinus appeared the abundance of yew pollen rapidly decreased (e.g. Beaulieu et al., 2001; Pidek, 2003) . Such replacement of yew by Carpinus and Abies is clearly noticeable in Mazovian (Holsteinian) interglacial pollen diagrams from eastern Poland (Krupiński, 1995) . Also, pollen record of the Holsteinian interglacial from northern Germany indicated that decline of Taxus coincided with the development of Carpinus-Abies phase (Koutsodendris et al., 2010) . Strong decrease of T. baccata pollen percentages is recorded in pollen diagram from full Holstein interglacial at Dethlingen (northern Germany) during which an abrupt cooling event lasting 220 years has occurred (Koutsodendris et al., 2012) . This event has influenced the vegetation dynamics across the northern Europe including yew populations in Ireland (Dowling & Coxon, 2001; Geyh & Muller, 2005) . However, while yew populations recovered in Ireland they did not in the northern Germany. Potential factor responsible for the distinct response of this species to climate improvement could be the presence of the competitive temperate species, such as Carpinus betulus, Fagus sylvatica, Abies alba in northern Germany and their negative influence on T. baccata population dynamics, and lack of these species in Ireland (Dowling & Coxon, 2001; Koutsodendris et al., 2010; . Alternatively, the absence or low pollen abundances of these competitive species in Ireland might be considered as well. Pollen analyses from southern England (South Essex) indicated that after a short period of abundance of T. baccata in the mid-Holocene, the percentage of its pollen declined and that of Tilia and Ulmus increased, suggesting a negative influence of these species on T. baccata (Waller & Hamilton, 2000; Waller & Early 2015) .
Currently, Fagus sylvatica L. is considered to be the main competitor of yew in the central and northern part of its range (Deforce & Bastiaens, 2007; Dhar et al., 2007; Ruprecht et al., 2010) , as well as in the Mediterranean (Piovesan et al., 2009; Uzquiano et al., 2015) . In our opinion, the interaction between both species, including the postglacial colonisation pattern of Fagus, might have influenced the expansion of yew in Central Europe and reduced its presence in the vegetation. As suggested by some paleobotanical studies, Fagus might have survived the last glaciation in scattered refugia in more northern latitudes, reaching territories of the present Czech Republic or Western Slovakia (Steward & Lister, 2001; Willis & van Andel, 2004) . These refugial populations were mainly active during the colonisation of Central and Northern Europe, whereas populations from the Mediterranean peninsulas, classically defined as major Pleistocene refugia for tree species, were of minor importance, or did not contribute at all to the colonisation of the northern latitudes (Magri et al., 2006) . The very rapid colonisation of central Europe (today territories of Poland, Germany and Belgium) by Fagus occurred between 6 and 5 kyr 14 C BP in the Atlantic period of the Holocene, which was also climatically suitable for T. baccata development. However, T. baccata appeared in northwestern, central and northeastern Europe in the sub-boreal period (Averdieck, 1971; Deforce & Bastiaens, 2007; Noryśkiewicz, 2006) . Possibly, the competitive interaction between both species in the less favourable climatic conditions of the Holocene might have prevented yew from wide recolonization. Based on this line of evidences, it can be assumed that in central and northern Europe, T. baccata remains only as relict stands, or in environmental islands where other shade-tolerant species are not present, or where their impact was reduced (Krupiński et al., 2004) .
Positive impact of human?
Many examples of the negative human impact on the distribution and destruction of specific yew populations have been documented (Thomas & Polwart, 2003; Linares, 2013) . However, the distribution and history of many individual species have been supported since ancient times by human activity, due to their role in agriculture, ornamental or cultural significance. To date, the positive human impact on yew distribution has not been fully considered, although evidence exists for the human-related appearance of yew in some parts of the species range. A lesson can be learnt from other species, such as Quercus robur L., where silvopastoral human activity favoured conditions for spontaneous regeneration of oaks (Bobiec et al., 2011) . The distributional pattern of populations of oleaster (Olea europea subsp. europea L. var. sylvestris), the wild form of olive trees, in the western Mediterranean has also been affected by human impact, namely, by the cultivation of olive trees (Olea europea subsp. europea L. var. europea) (Breton et al., 2006) . Some evidence confirms the positive effect on this species by man. The yew was tightly related to a number of Celtic beliefs, and the Celts probably widely planted yew trees (Lyubenova & Nedelchev, 2001 ). The distribution of T. baccata was modified by planting by humans as early as the ninth century in the British Isles (Lyubenova & Nedelchev, 2001 ). Ellenberg & Leuschner (1996) highlighted the spread of yew trees in the vicinity of mounds and settlements. This suggests that the yew was indeed widely associated in the past with spiritual-and death-related superstitions and rituals. For instance, the yew was considered as a sacred tree and Christian missionaries used to plant yews at pagan sites, to force the conversion of heathens (Thomas & Polwart, 2003) . This is probably one of the reasons for yew survival and its close association with churchyards. In certain cases, the successful establishment of yew stands only requires several individuals (sometimes only one female individual is enough) to produce abundant seeds. Also, although such a history of populations entails a reduced genetic pool due to founder effects, many dynamic populations of yew in central Europe have documented this type of origin (Iszkuło & Boratyński, 2005; Seidling, 1998; Król, 1986) . In summary, some yew populations in the past probably arose due to human activity, sometimes conscious and sometimes not.
Consequences of scattered yew distribution
It is generally acknowledged that habitat fragmentation can have genetic and demographic consequences that negatively affect the genetic structure and long-term persistence of populations (Gaino et al., 2010; Honnay et al., 2005; Wang et al., 2011) . Fragmentation limits the gene flow and reduces the effective population size, exposing populations to random genetic drift, which increases inbreeding, even if mating remains random (Young et al., 1996) . The loss of genetic diversity in a population can lead to a loss of its viability and in a longer perspective, to a loss of adaptive potential that is crucial to evolutionary responses to environmental changes (Whitlock, 2000) . Tree species were thought to be less prone to the negative impacts of forest fragmentation due to intensive gene flow and the maintenance of a large effective population sizes (Petit & Hampe, 2006) . However, recent studies suggest that probably due to the longevity of tree species, the detection of the genetic effects of recent fragmentation might be difficult in some cases, especially in regions with a short history of human-induced changes and relatively large remnant populations (Kramer et al., 2008; Vranckx et al., 2012) .
Regardless of the primary factors of range fragmentation (human-induced or natural), the current fragmented distribution of English yews might have negative genetic consequences that cause a further reduction in species abundance. T. baccata possesses two outstanding traits which might be pivotal for its low ability to cope with ongoing fragmentation, namely, dioecy and zoochory. Both life-history traits may result in some limitations to gene dispersal, which is crucial for genetic cohesion across the distribution range, and efficiently counteracts frag-mentation. Considering the territoriality shown by most animal species, yew seeds are probably mostly dispersed locally (Godoy & Jordano, 2001 ), unless we consider bird migrations, which can contribute to rare long-distance dispersal events which have prominent role in population dynamics and microevolutionary processes (Nathan et al., 2008) . Additionally, the number of seed sources in dioecious species is half that of monoecious species, because seeds are dispersed only by females, which means that dioecious species experience a reduction in the range of seed dispersal, which is called a seed-shadow handicap (Heilbuth et al., 2001 ). Furthermore, pollen-mediated gene flow, which is thought to be a very efficient mode of gene dispersal for wind-pollinated tree species, probably has a lower potential in yew, because this species grows mostly beneath the canopy and in general, the tall stature of trees is thought to increase pollen gene flow (Petit & Hampe, 2006) . Air movements that are crucial for pollen transport in wind-pollinated species might be less effective for the understory yew compared to other wind-pollinated trees that occupy the upper stories of the forest, e.g. Pinus sylvestris, Picea abies or Fagus sylvatica. In fact, most subcanopy tree species in central and northern Europe are insect-pollinated (e.g. Prunus avium L., Sorbus aucuparia L. or Padus avium L.) which seems to be more effective in this forest story. The limited pollen movement in T. baccata was shown in palynological studies conducted in populations in which the tree forms a dense secondary layer of the forest (Noryśkiewicz, 2002) . The yew pollen grain are similar to those of other wind-pollinated trees, at least with respect to its weight. Hence, in our opinion, yew pollen low dispersal ability mirrors some external obstacles and the occurrence of the species in second forest story serves as very reasonable hypothesis.
Thus, complex factors that affect seed and pollen-gene flow might contribute to the significant spatial genetic structure observed for English yew populations, which extends up to 100 m (Chybicki et al., 2011) . Dioecy may strengthen the spatial structure (Nazareno et al., 2013) which is probably due to lower effective density in dioecious species. An existing spatial structure, together with ongoing fragmentation and subsequent genetic isolation might limit mating opportunities, especially in dioecious species, enhancing the occurrence of bi-parental inbreeding and causing other genetically negative effects. Significant inbreeding has been reported for some yew populations (Chybicki et al., 2011; Chybicki et al., 2012; Dubreuil et al., 2008; Myking et al., 2009) .
In small populations, drift can dominate the force of natural selection, and can lead to a loss of adaptive genetic variation and to the fixation of deleterious alleles (Whitlock, 2000) . Natural regeneration of the species is almost absent and most yew populations are small. Out of 250 natural stands of English yew in Poland, only 20-25 contain more than 200 individuals and the others only consist of a few individuals (Iszkuło & Boratyński, 2005) . Considering the limited within-and among-population gene flow and a reduced population size, the English yew might not be able to cope with fragmentation, a situation that requires urgent conservation activity.
Conclusions
Adverse climatic and demographic conditions in the Holocene should be considered as primary factors responsible for the currently observed scattered yew distribution in Europe. It must therefore be assumed that from the beginning of the Holocene, yew trees colonised and were primarily maintained in environmental islands, where the competition from other shade-tolerant species with a higher growth potential was limited. Human impact should be considered in negative terms -intentional activities, such as the use of wood in the Middle Ages, and unintentional activities, via limiting the surface area of forests and clearcuts. Due to the special importance of yew in the culture and economy, there are indications that this species can be promoted consciously by man (by supporting natural populations, planting, etc.) and unwittingly by creating conditions in natural ecosystems that probably would not occur naturally (selective thinning, monoculture, etc.). In central and northern Europe, the prevalence of yew has probably been associated with more rapid colonisation compared to its main competitors. After the appearance of other competing shade-tolerant species, the rapid reduction in yew pollen grains is visible in pollen diagrams. The current fragmentation of yew populations might have negative genetic and demographic consequences, resulting in increased inbreeding and low effective population sizes, which exposes the population to genetic drift, all of which might lead to genetic pauperisation. This in turn, might have a negative impact on the adaptive potential of the species, which affects the species in a longer perspective. This is particularly important in view of global climate change. In addition, there is the rarely discussed need for active protection methods that should be used in yew natural reserves where yews are slowly dying out without human intervention. This also indicates the need to consider the biology of the yew when planning its introduction into new habitats. The best recommendation would be to introduce this species into environmental islands where other shade-tolerant tree species do not occur. 
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